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Mismatch Repair Deficiency Causes Cancer

Mismatch repair (MMR) deficiency
(Genetic defects or epigenetic
modification of MMR genes)

'

Genomic instability
(e.g., Microsatellite instability)

'

Cancer
(e.g., HNPCC or Lynch Syndrome)
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MMR Genes and Colorectal Cancer

HNPCC?2 Sporadic

Population incidence ~1 in 500 1in 20
Microsatellite instability >90% 13%

MMR gene mutations 70% ~65% of CRC with MSI
MSH2 ~40% 30%
MSH3 0%
MSH6  —0.5%
MLH21b ~50% 70%
PMS1
PMS2  <3%
MLH3

a Hereditary non-polyposis colorectal cancer.
b 'Hypermethylation of the MLH1 promoter.
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Genome-Maintenance Functions of MMR

|. Correct biosynthetic errors
. Suppress homeologous recombination

lll. Mediate DNA damage response
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DNA Mismatch Repair Reaction

Parental strand
— Daughter strand

MutS homologs

Mismatch recognition MutL homologs

Nuclease

Mismatch removal :
Helicase

> «— () «— ()

4—

Repair synthesis Replicative DNA polymerases
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Mismatch Repair Components

E. coli Human
MutS MutSa (MSH2-MSHG6)
MutSp (MSH2-MSH?3)
MutL MutlLa (MLH1-PMS2)
MutH ?
UvrD (helicase II) ?
RecJ, Exol, ExoVIl, ExoX EXOL, ?
SSB RPA
DNA pol lll holoenzyme Pol 6, PCNA, RFC
DNA ligase DNA ligase |
HMGB1
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Outlines

* |dentification and characterization of mismatch
repair components
— RPA
— HMGB1
— PCNA

 Reconstitution of the mismatch repair reaction
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Fractionation

HeLa nuclear extract

(HN,),SO,

FI FII
ssDNA cellulose
v v
SS1 SS2
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In vitro Mismatch Repair Assay

Xhol
TTCGAGAGCTC 57
AAGCTTTCGAG 3

Hindlll
XhOl g 3
Hindlll '
" Excision Hindll Resynthesis (< 3.1kb
6.4 kb 6.4 kb Hindlll 3.3 kb
& S BspDI
S'OO S'OO/
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Fractionation and Reconstitution

HeLa nuclear extract HI + - - - - i
SS1 + - - FiPAI- 4

(HN,),50, s$2 - - 4 - F +

+

FI FII
ssDNA cellulose
v v
SS1 SS2
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Purification of the SSI/FII-
Complementing Activity

SSI + FII
212
Fraction # 23 26 29 32 35 3§ 41 4447 50 53 56 59 62 65 68 FT / 158
= 116
~8= 7

=— 43

B 37

-

Wy WM. W &
—— 14

- 7

35

SDS PAGE

SS2 on Mono Q FPLC column of fraction 65
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Recombinant RPA Substitutes for SS2

HeLa + - - - -
SS1 - + + + +
SS2 - - + - -

FII - - - + + -
RPA - - - + +

Repair
products

Ramilo et al., Mol. and Cell. Biol. 22, 2037-2046, 2002
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RPA Protects Nascent ssDNA?

Sau96l Sau96l

SSI (no RPA)

—_—

BseRI
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RPA Protects Nascent ssDNA

A SS1
3 < %
=3 RPA(ug) SSB(ug) B
) ==
= 005 1 2 2 4 8
Sau96l | _
a m
Bsp106> . G e onp—
< _
N
Bsp106 il

Ramilo et al., Mol. and Cell. Biol. 22, 2037-2046, 2002
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RPA Is Phosphorylated during MMR

Nuclear extract

——9-

DNA substrate

Incubation
Protein-DNA
complex —@:ﬂi@:@—
lEIution

Proteins eluted (DQ@

SDS PAGE l

Western blotting

G-T

A-T

Reaction time (min)

0051 2 4 6 10 20
i i e i MSH2

e | MLH1
= e -~ DOl O

~ — e amemapes PCNA

hﬁ-——_--_‘ RPA1

— — i T3 SR eRapes RPA2

[«— Excision—»|
l-Resynthesis—»|

MSH2
== =——w=— MLHI

S e=mamem ol
e — w— o e PCNA

S S S S S S S | D A |
S S T " @ e =% RPA?

Unphosphorylated RPA for excision?

Phosphorylated RPA for resynthesis?
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Unphosphorylated RPA Facilitates Excision

< 7
«
SR
¥ 2

Nhel 5:9' 5' 3'
S < Product
Excision 6.4 kb
5 Nhel
BspD1
S,
00/
Nhel sensitive Nhel resistant

60 45 27 Excision (%)
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Phosphorylated RPA Promotes Resynthesis

100 ——

No RPA

2D

2A
WIT

Gap-filling (% of full length)

0 2 4 6 g8 10 12 14
Time (min)
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Phosphorylation Reduces RPA DNA Binding
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Fluorescence (V)
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Phosphorylation Regulates RPA Functions?

Initiation S oy g
Unphosphorylated RPA
&
~ 5 NI ED YD 3
3 ¥ EXO1 >
Excision Y v
| 5 & ¢ ¢ & ¢ & 3
3 - 5

<& Phosphorylated RPA
n O g g g g 4 3
] F 51
Resynthesis Y v * Pol
EEEY ¢ 3

- c

0
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Role of RPA in MMR

1. Involved in all steps of MMR
2. Protect the nascent ssDNA from degradation

3. Phosphorylation may regulate RPA functions in
MMR
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Role of HMGB1 and PCNA in MMR

HMGB 1.
Involved in the excision step in MMR

PCNA:
1. Co-IP with MSH2 and MLH1
2. Involved in both the steps of excision and resynthesis in

MMR
3. Differentially required for 3’ and 5’ directed MMR

Yuan et al., J. Biol. Chem. 279, 20935-20940, 2004
Guo et al., J. Biol. Chem. 279, 16912-7, 2004.
Gu et al., Nucleic Acids Res. 26,1173-1178, 1998
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Outlines

 |dentification and characterization of mismatch
repair components
— RPA
— HMGB1
— PCNA

 Reconstitution of the mismatch repair reaction
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Unsolved Fundamental Problems

How does mismatch recognition
by MutS homologs trigger the
downstream repair events?

Mismatch recognition

e — < )

£

Excision

> «—

— How is mismatch-provoked
excision terminated upon

Resynthesis l mismatch removal?

11/21/07 UK



Initiation Models

# of Protein complex

~ Translocation -

or Cis ) PPN

-~ Sliding clamp

ATP + Pi

e ATP ADP
CHy = = CH, N A CHa, @ bl ﬁ- |\/|Ol’e than 1

el

Stationary MutL, ATP MutH

or Trans A /\5 /‘18
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Purification of MMR Proteins

MutSa
175 — s —MSH6
83— " —MSH2
62—
48—
33—
RPA
1 gg_
62 —=———RPA1
48—
3 _RPA2
25—
17 —
—RPA3

MutSp MutLo Pold
175 —
175 — — —p125
SR e G
83— g3 —MLH1 48— —Pp50
62—
48—
48— 25—
33— 17—
33—
25— etz
HMGB1 RFC PCNA EXO1
175— 175—
83— T e=—p140* 83— 175—
62— 83— 62— e
48 48— 83—
B—r 2 33— 62—
48— _p3% ™
25— ===p40 05— 48—
—_— p37
17— BT Np3s 17— 33—
25—
. . 25—
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Reconstitution of MMR Reaction

Pol

- PCNA
RFC
HMGB1
RPA
MutLo
MutSa
EXO1

+ + + +
|+ + +
|+ + +
|

| +

+ + + + + +
+ + + + +

+ + + + + + +

+
+
+
+
+
+
+
+

|
+ 1

+ +

+ + +

+ + + +

+ + + |

+ + + + + + +
+ + + + +

«—— 3.3kb
“— 3.1kb
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Stoichiometry of MMR Reaction

e Protein concentrations were based on the amount of individual
proteins in 50 ug of HeLa nuclear extracts:

— 400 fmol MutSa.
— 300 fmol MutLa
— 800 fmol RPA
— 1.2 pmol HMGB1
— 5fmol EXO1

« 24 fmol heteroduplexes
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Multiple MutSa/MutlLa Proteins Are Required for
Repair of a Single Mismatch

Nhel 5'3, 5 3
80
Excision 6.4 kb o5 0 5 AT
G Nhel i . 5| G T
BspD1 -
o0y P 60 |
Nhel sensitive Nhel resistant

24 fmol DNA substrate

MutSa to
DNAratio 0 010205 1 2 4 8 16

Excision (%)
i N
o

_>

01 0205 1 2 4 8 16
MutS alpha to DNA ratio
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Initiation Models

~ Translocation -

CH CH MutS ) ¢ CH CH ATP +Pi
. — N — ;——) — ) ¢ — L—A o
Moving -« o VR &

- Sliding clamp 7
MutS

ADP

ATP + Pi == ATP ADP
o 7 om "T 57 o (BB omy oHs
< 0/ U

Stationary MutL, ATP MutH
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Role of MutLa in MMR

Pol

- PCNA
RFC
HMGB1
RPA
MutLo
MutSa
EXO1

+ + + +
| + + +
| + + +
|

| +

+ + + + +

+ + + + + +

+ + + + + + +

+
+
+
+
+
+
+
+

|
+ 1

+ +

+ + +

+ + + +

+ + + |

+ + + + + + +
+ + + + +

<« 3.3kb
“— 3.1kb
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Role of MutLa in MMR

5 3
Resynthe3|s
Hindlll <« 3.1 kb

6.4 kb HlndIII/BSpDI 3.3 kb=

Hindlll
6.4 kb

8, 3
SDO/ Hindlll
N
6.4 kb Resynthesis
G%O/ HindIll/BspDlI
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Extensive Excision without MutlLa

+ + 4 4+ 4+ - - HMGB1
PR T T T, RPA
+ + 4+ - + 4+ + MutLa
* + - + + 4 4+ MutSc
C 3’mm IA Ll { 123 466 7 R'e;chon
4 ‘T Sspl
_”__ = 'l « Nick (544 nt)
. ne = < Mismatch
L -
. Sspl
35 p
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MutLa Terminates Excision upon
Mismatch Removal

MutSa, EXO1, RPA,

and HMGB1
-
o T
) e 8B 28 g g MutLe: (fmol) |
) 53 g 12} oo ®
744 - | £ b4
544 — - = 10L /
446 —& 2 % le— 1 = .
g 6
212 — ® '-
®E 49
< .
- .- - 2‘ !
N R R P T _
0 500 1000 1500 2000 2500
MutL alpha (fmol)

123458789'
3
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Model for Mismatch-Provoked Excision

Without MutLo
With MutLo = P -y : "
R OO0 —2
5' 3’
*MutSa, HMGB1

' F- RPA 5 » 3’
“*MutSc, HMGB1 3’ - — 5
:53: | _— g, Repeat | F-RPA
multi-times  {~»pMutSe, HMGB1
5 —————GHRBIDEHENG— 3
3’ 3 — 5
2 @ a2 R O “
RPA HMGB1 Active Inactive MutSa MutLo

EXO1 EXO1
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Summary

 Reconstituted the 5’ nick-directed mismatch repair using 10
purified human proteins (MutSa, MutSg, MutLa, EXO1, RPA,
HMGB1, pol 6, PCNA, RFC, and DNA ligase ).

« MutLa acts to terminate mismatch-provoked excision upon
mismatch removal.

« More than one MutSa-MutLa complex is required for the
repair of a single mismatch.
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Reconstitution of Human MMR

]l
L

DNA Mismatch and Repair

Zhang et al., Cell, 122, 693-705, 2005
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